Objective The aims of this study are to describe growth trajectories in the body mass index (BMI) among the major racial and ethnic groups of US children and to identify predictors of children's BMI trajectories. Methods The Early Childhood Longitudinal Study-Birth Cohort (ECLS-B) was used to identify predictors of BMI growth trajectories, including child characteristics, maternal attributes, home practices related to diet and social behaviors, and family sociodemographic factors. Growth models, spanning 48 to 72 months of age, were estimated with hierarchical linear modeling via STATA/Xtmixed methods.
Introduction
The prevalence of overweight and obesity among young children is high and accompanied by significant disparities among racial and ethnic groups. For example, approximately 25 % of children living in the USA between the ages 2 and 5 years are overweight and young Latino children are disproportionately affected by overweight and obesity [1] [2] [3] . There are various risk factors for early childhood obesity including rapid infant weight gain, early introduction of solid foods, consumption of sugar-sweetened beverages, and sedentary behaviors with variations in these risk factors by racial and ethnic groups [4, 5] . Many studies focusing on early childhood obesity, however, have relied on cross-sectional data [6, 7] , or use longitudinal data but fail to examine weight trajectories over time of very young children [8] [9] [10] .
Additional studies are needed to further understand the critical growth periods for racially and ethnically diverse children, and to further identify early childhood attributes and home practices [11] [12] [13] that over time most strongly predict healthy weight outcomes [14, 15] . Such research can provide the knowledge and strategies to reduce obesity and morbidity across the life-span. To better understand these areas, we used the longitudinal data of the Early Childhood Longitudinal Study-Birth Cohort (ECLS-B) study to estimate BMI growth curves in order to examine (1) when young children (i.e., less than 6 years of age) display initial signs of rapid growth in body mass index (BMI), (2) whether growth in childhood BMI varies by racial and ethnic group membership, and (3) what early childhood attributes and home practices most strongly predict BMI growth trajectories [14, 15] . We hypothesized, based on the existing literature, that young Latino, Black, and Asian children would have differing BMI growth curves compared to White children, and that there would be significant between-group differences (i.e., Black-White, Latino-White, and Asian-White) in home practices that predict mean BMI growth in young children.
Methods Sample
A non-probability birth sample was drawn in 2001 for the ECLS-B by the National Center for Education Statistics. In addition to data from birth certificates, home visits were fielded when the focal child was about 9 months, then again at 24, 48, 60, and 72 months of age, involving in-depth maternal interviews and direct child assessments of physical, cognitive, and social-emotional development. Since our overall project focuses on the influence of maternal and home practices on children's early development, we excluded a small sample of children that suffered from serious birth defects, such as spina bifida or heart defects, or who died before age 5 years. We included all other children who had complete data on weight and height and whose biological mothers were interviewed. Our final analytic sample included 15,418 children. The design and weighting structure of the overall ECLS-B sample are described elsewhere [16] .
Measures

Dependent Variables
The main dependent outcome variable was children's BMI. Children's height and weight were measured when children were 48, 60, and 72 months of age. Measurement protocols are described elsewhere and included steps to address differences in repeat measurements of height and weight [16] . Children's BMI was calculated and the Centers of Disease Control and Prevention (CDC) national growth reference data, that is age-and sex-specific, was used to determine children's weight status. Overweight is defined as a BMI between the 85th to 94th percentile and obesity as a BMI at or above the 95 % for age and sex using the CDC growth charts for the USA. The dependent variable for growth curve modeling was BMI raw scores and for estimating the prevalence of overweight and obesity, we used the age-and sex-specific BMI cutoffs provided by the CDC growth charts.
Independent Variables
The predictors of BMI included child characteristics, maternal attributes, and home practices that have been used in previous research using the ECLS-B data [9, [17] [18] [19] [20] . The items of the ECLS-B questionnaires have undergone validation research and are useful for generating population estimates on numerous developmental, health, and educational indicators. Details about the ECLS-B methodology are described elsewhere [21] . The child characteristics for this study included birth weight, sex, and race and ethnicity and were considered as time invariant predictors in estimation models. The child's sex and whether the child was small for gestational age (SGA; <10 percentile), appropriate for gestational age, or large for gestational age (LGA; >90 percentile) or was born prematurely was reported from birth certificates. Child's race/ethnicity was assessed at 9 months by parental report and categorized as Latino, non-Latino African-American, non-Latino whites, and Asian. Latino families were further split by the primary language spoken in the home; this variable was assessed by responses to the following question, BWhat is the primary language spoken in your home?M aternal attribute variables included in this study were household configuration, education, income, and number of years in the US, and were assessed when the focal child was 48, 60, and 72 months old via the parent interview. Household configuration was categorized into a single-parent household versus a two-adult household. Census Bureau poverty thresholds and imputed values for any missing household income were used to establish the federal poverty threshold for a family of four in 2007 and categorized as 100, 130, and 180 % of the threshold.
The home practices included ever breastfeed, juice intake, soda intake, fast food consumption, daily vegetable servings, and daily fruit servings. These home practice variables were assessed when the focal child was 9, 24, 48, 60, and 72 months old via the parent interview (considered as time-variant in the estimation models). At 9 months of age, mothers were asked whether they had ever breastfed their child. Juice intake, soda intake, fast food consumption, daily vegetable servings, and daily fruit servings were assessed at the 48-, 60-, and 72-month parent interview waves. Juice intake was categorized as any intake of 100 % fruit juice in the last 7 days versus none in the last 7 days. Fast food and soda intake were categorized as any intake of either type of food or beverage in the last 7 days versus none in the last 7 days. The number of vegetable and fruit servings consumed was categorized into at least 1 serving of fruit and 1 serving of vegetable per day versus less than 1 serving per day. Parents reported the number of hours children spent watching television on weekdays and was used as a continuous variable in this analysis.
Statistical Analyses
We estimated growth trajectories for BMI between 4 and 6 years of age with hierarchical linear modeling (HLM), using Stata software version 12 and the XTMIXED routine, fitting a variety of mixed linear models to data that enables statistical inferences about the data using different covariance structures. Significant level was set as α=0.05 at minimum for all analyses to minimize type I errors, when noted we also included results that were significant at α=0.01. Because not every child in the dataset had the same number of repeated BMI measures, resulting in an unbalanced dataset, and because the child age at each collection point varied for each subject, a random-effects model was estimated with random intercepts and slopes (RIAS), with age controlling for covariates. We incorporated survey weights provided by ECLS-B in all of our analyses to relatively underweight the groups that were oversampled (Chinese children, Asian and Pacific Islander children, American Indian and Alaska Native children, twins, and children born with low and very low birth weight).
Results
Sample Tables 1 and 2 show the weighted population frequency and means of child and maternal characteristics at the three waves (Table 1) . Most children in the sample were White and about half of the children were female. Over 75 % of children lived in two-parent households, and close to a quarter of all children lived in homes with incomes below the federal poverty level. On average, Latino children had higher average BMI raw scores compared to Whites, African-American, and Asian children while females on average had lower BMI raw scores compared to males across all racial and ethnic groups ( Table 2) . At preschool age, about three-quarters of children consumed soda and fast food in the past week (Table 3) . 
Trajectories of Early Childhood BMI
A growth curve of mean BMI by race and ethnicity was generated based on observed BMI raw scores at 48, 60, and 72 months of age (Fig. 1 .) The general pattern of the mean BMI growth curve followed the typical BMI growth pattern seen in preschoolers with a nadir in BMI before increasing at approximately 6 years of age. Latinos from primary Spanishspeaking households started with higher BMI raw score trajectories at 4 years of age and maintained higher BMI raw score trajectories over time, compared with other ethnic groups. Using an HLM mixed-effects approach, we then estimated the mean BMI trajectories during childhood (ages 4-6) accounting for potential protective and risk factors as summarized in Table 4 . Females were found to have significant differences in BMI raw score trajectories compared to males adjusting for the time-independent and time-dependent predictors. Compared to Whites, African-American and Latino children had higher rates of change in BMI raw score trajectories. Several factors were found to be significantly associated with lower mean BMI raw score trajectories including very low birth weight, higher maternal education level, residing in a two-parent household, and breastfeeding during infancy.
Older age, soda, and fast food consumption, however, were risk factors and were associated with higher predicted mean BMI raw score trajectories, compared with non-consumption of either type of beverage or food. A mediation analysis was completed and it did not suggest that soda consumption was a mediator of the racial disparities in BMI trajectories. We analyzed children's mean BMI raw score trajectories for each of the major racial and ethnic groups in the USA (Table 5) . Birth weight was found to be significantly associated with lower mean BMI raw score trajectories for each group, while maternal education was significantly associated with lower mean BMI raw score trajectories for Whites and Asians. Breastfeeding was associated with lower predicted mean BMI raw score trajectories for White and Latino children from primary Spanish-speaking households. Soda consumption was found to be significantly associated with higher predicted mean BMI raw score trajectories for African-American children and Latino children from primary Spanish-speaking households. Neither fruit nor vegetable consumption was found to be associated with mean BMI raw score trajectories for any group of children.
Discussion
This is the first study to date that details BMI growth trajectories using the recent ECLS-B nationally representative birth sample using hierarchical linear modeling. Our study contributes to the relatively thin knowledge on the extent to which BMI growth among very young children varies by racial and ethnic group, along with identifying significant predictors [22] . The incidence of overweight/obesity status is already quite high by 4 years of age: approximately one-third for both females and males. The major racial and ethnic groups of the USA experience significantly different BMI growth curves between 4 and 6 years of age. African-American and Latino children display higher BMI raw scores from an early age and maintain these higher BMI growth trajectories, compared with White children. Several dietary behaviors were found to be associated with BMI trajectories. Soda and fast food consumption in early childhood were risk factors for higher Fig. 1 Observed BMI raw score mean growth curve predicted mean BMI raw score trajectories compared to those who did not consume this type of beverage or food while adjusting for child characteristics and socioeconomic factors.
Other investigators have used the ECLS-B data set or other longitudinal data to examine weight outcomes in children, but they typically estimate weight status using cross-sectional data (one wave of data collection) with simple logistic regression [4, 6, 8, 9, 23] or use longitudinal data that focuses on growth during middle childhood or adolescence [24] [25] [26] [27] [28] [29] [30] . Methodologically, we contribute to a sparse literature that tracks BMI growth and obesity incidence over time for young children, moving beyond cross-sectional estimations. We also show significant differences in trajectories of weight during early childhood in African-American and Latino children, relative to whites. These very early childhood racial/ethnic differences in weight trajectories have been shown by just one earlier study [14] . Our results indicate that Latino children in primary Spanish-speaking households have a higher mean BMI raw score at 4 years of age, and they continue to maintain higher mean BMI raw scores over time, compared with all other ethnic groups. In contrast, Latino children in primary English-speaking households displayed higher mean BMI raw score at 4 years of age, compared with AfricanAmerican children, but then over time had lower mean BMI raw scores than African-American children that are apparent by 5 years of age.
Our findings suggest that Latino children of immigrant or recently immigrated parents display higher mean BMI trajectories during early childhood. Longitudinal studies that have examined weight trajectories in older children have found similar results highlighting the early life course development of weight status. For example, overweight trajectories of US children in middle childhood and adolescence have shown that children of immigrants display higher levels of overweight status at each grade level [25, 27] . Possible risk factors for early childhood weight disparities among Latinos compared to Whites-stemming from our analysis and earlier research-include low maternal education, higher rates of maternal depression, early introduction of solid foods, restrictive feeding practices, physical inactivity, and beverage and fast food consumption patterns [4, 5, 31, 32] . In addition, these findings support theories which suggest Latino immigrant families may face rapid increases in income which when combined with indulging cultural feeding practices and easy accessibility to processed foods, which are often inexpensive and highly caloric, may contribute to unhealthy weight development [25, 33] . Additional research methodologies are needed to build on the etiologies of weight development in Latino children; however, it is clear that Latino children, particularly from primary Spanish-speaking households, may benefit from targeted efforts on known risk factors in order to reduce these early weight disparities and promote healthy weight development.
We found that children who consumed soda and fast food in the previous week, compared to children who did not consume either type of beverage or food, were found to have significantly higher predicted mean BMI trajectories. Although physical activity and beverage and fast food consumption patterns and their associations with overweight and obesity status have been well described [4, 24, 26, 34] , our results are worrisome in showing that quite young children are exposed to highly caloric and low-nutrient-density foods. This exposure is particularly troublesome as young children are developing taste preferences and food-intake patterns that persist into adulthood [12] . Soda consumption has been shown to be a risk factor for obesity during early childhood among African-American children in one earlier study drawing on longitudinal data [34] . Our similar findings using longitudinal data suggests that targeted efforts to reduce sugar-sweetened beverages may be one mechanism for reducing early weight disparities for African-American children and may also benefit Latino children in primary Spanish-speaking households. Our study has several limitations. Like many longitudinal data sets, the ECLS-B has missing data, given the multiple waves of data collection. Second, although our study describes weight trajectories at 48, 60, and 72 months of age, weight and height assessments ranged around these time points, due to the challenges of the ECLS-B study fielding a large number of home visits to collect height and weight data. Lastly, some of our measures did rely on parental reports, which may alter results based on parent recall bias. Unlike other studies, however, weight and height measurements for this study were taken by trained research staff at each data wave.
Conclusion
Our analysis identifies significant racial and ethnic differences in early childhood BMI trajectories using a nationally representative cohort of children. African-American and Latino children displayed higher BMI growth trajectories, compared with White children. Latino children from primary Spanish- speaking households were found to have the highest mean BMI trajectories. Our analysis also identified a few dietary behaviors that predict weight trajectories during early childhood. A BMI growth model of all children showed that fast food and soda consumption are risk factors and positively associated with BMI raw score trajectories over time and for African-American and Latino children, soda consumption appears to be a particularly significant predictor of early childhood BMI trajectories. Our results highlight the need for additional research to understand the early determinants of mean BMI trajectory differences across racial and ethnic groups but suggest that targeting the reduction of consuming fast food and sweetened beverages may improve early weight trajectories across all racial/ethnic groups, whereas specific efforts to reduce sweetened-beverage consumption may best improve BMI trajectories of African-American and Latino children. These findings, therefore, can have important clinical and research implications as they relate to anticipatory guidance and future research intervention efforts.
